Abstract-In present there are a lot of different numerical methods, ways and approaches to obtain the stable and effective image reconstruction process, which can be used for efficient applications in physical and biological sciences. Electrical Impedance Tomography (EIT) belongs to methods which are very beneficial, especially in a medical imaging. This method is non-invasive technique and can be used very effectively for good detection of conductivity tissue changes. Unfortunately the back image reconstruction based on electrical impedance tomography is highly ill-posed inverse problem and it is necessary to find such techniques which offer stable, accurate and not too much time-consuming reconstruction process. This paper proposes new possibilities to improve the stability and the accuracy of today image reconstructions including the level set method.
INTRODUCTION
At the present time the image reconstruction problem is a widely investigated problem with many applications in physical and biological sciences. The Electrical Impedance Tomography can be used for reconstruction process. The theoretical background of EIT is given in [1] . The currents are applied through the electrodes attached to the surface of the object and the resulting voltages are measured using the same or additional electrodes. An arrangement of EIT system is shown in Fig. 1(left) .
Finally the internal impedivity distribution is recalculated from the measured voltages and currents. The forward problem is well-posed, but the inverse problem is highly ill-posed. Various numerical techniques with different advantages have been developed to solve this problem. The common aim is to reconstruct the impedivity distribution in two or three dimensional models as accurately and fast as possible. Usually a set of voltage measurements is acquired from the boundaries of the determined volume, whilst it is subjected to a sequence of low-frequency current patterns, which are preferred to direct current ones to avoid polarization effects. Since the frequency of the injected current is sufficiently low, usually in the range of 10-100 kHz, EIT can be treated as a quasi-static problem. So we only consider the conductivity σ inside investigated object for simplicity. The scalar potential U can be therefore introduced, and so the resulting field is conservative and the continuity equation for the volume current density can be expressed by the potential U
Equation (1) together with the modified complete electrode model equations [2] are discretized by the finite element method (FEM) in the usual way. Using FEM we calculate approximate values of electrode voltages for the approximate element conductivity vector σ(NE ), NE is the number of finite elements. Furthermore, we assume the constant approximation of a conductivity distribution σ on the finite element region. The forward EIT calculation yields an estimation of the electric potential field in the interior of the volume under certain Neumann and Dirichlet boundary conditions.
METHODS FOR SOLUTION OF INVERSE PROBLEM
The image reconstruction of EIT is an inverse problem, which is often presented as minimizing the suitable objective function Ψ(σ) relative to σ. To minimize the objective function Ψ(σ) we can use a deterministic approach based on the Least Squares method. Due to the ill-posed nature of the problem, regularization has to be used. First the standard Tikhonov Regularization method (TRM) described in [3] was used to solve this inverse EIT problem
Here σ is the volume conductivity distribution vector in the object, U M is the vector of measured voltages on the boundary, and U FEM (σ) is the vector of computed peripheral voltages relatively to σ, which can be obtained using FEM, α is a regularization parameter and L is a regularization matrix. For the solution of (2) we can apply the Newton-Raphson method and after the linearization we used the iteration procedure
Here i is the i-th iteration and J is the Jacobian for forward operator U FEM . Unfortunately the iterative procedure is likely to be trapped in local minima and therefore a sophisticated algorithm must be taken into account to obtain the stable solution. It is necessary to mention that the stability of the TRM algorithm is also sensitive to the setting of correct starting values of unknown conductivity.
In recent years it is very common to identify regions with different image or material properties using the Level Set method (LSM) [4] [5] [6] [7] . The level set idea is known to be a powerful tool to model evolution of interfaces and also has been used successfully to the inverse problem solution. Assuming known conductivity values the unknown conductivity interface can be solved by two methods. In the first method one can use values of Neumann data. The second method is used to obtain solution results in a thin layer along the boundary of an investigated region. The LSM has been also applied to solve elliptic inverse problem, where the unknown discontinuous coefficient has to be solved without the knowledge of both the values of the coefficient and interface between the regions having different coefficient values. By using results of solution or gradients of these results of the forward problem in the region, the coefficient can be accurately identified by utilizing LSM. In following we will consider the case where the conductivity is a piecewise constant function with possibility that conductivity values are unknown. The distribution of unknown conductivity σ can be described in terms of the level set function F depending on the position of the point r with respect to the boundary Γ between regions with different values of σ
Then the final conductivity distribution σ(r) is the steady state of the following time-dependent Hamilton-Jacobi equation
If the LSM is included smartly to the reconstruction algorithm we can obtain the very good tool for stable and accurate image reconstruction. To improve the stability and the accuracy of EIT image reconstructions new algorithm was created. This algorithm is based on both of mentioned methods TRM and LSM. During iteration process based on minimizing objective function Ψ(σ) the boundary Γ is searched in accordance with request that the σ(r) minimizes the Ψ(σ), too. We suppose that the unknown conductivity distribution is given by a piecewise constant function σ(NE ).
In this part we restrict a range of tasks to the objects with biological tissues only. The basic model of the simple 2D arrangement of the original conductivity distribution you can see in Fig. 1 (right) . The conductivity of the homogenous region representing tissue is 0.333 S/m, the conductivity of the region representing heart (brown color) is 0.1 S/m and finally the conductivity of two regions representing lungs (dark blue color) is 0.667 S/m. The total number of FEM mesh elements is NE = 300. We assume that inside left region of lungs a subregion with different conductivity is located.
The aim is to find the location and correct values of conductivity inside this subregion. Two following examples demonstrate the results which we can obtain when we use suitable combination both of above mentioned methods. New algorithm for 2D model has been written in MATLAB 7.0.4.
During the reconstruction process the TRM was used to identify the locations and to specify exactly the conductivity values of non-homogenous regions. In the case of an unexpected finishing of iteration process caused by non-stability the LSM was applied to specify the locations of these regions. Finally, the TRM was applied again to specify the conductivity values, but only inside limited regions with non-homogeneity.
The results which can illustrate the reconstruction process are shown in Fig. 2 and Fig. 3 . In boundary) has conductivity 80% of lungs conductivity. In the same figure on the right you can see result after first applying of TRM.
The results after using LSM are shown in Fig. 3 on the left. In Fig. 3 , on the right you can see the final reconstruction result. The results of similar example are shown in Fig. 4 and Fig. 5 . The unknown subregion is smaller in this case.
CONCLUSIONS
In this paper, a new practical approach to the reconstruction of non-homogeneities using EIT has been presented. Many numerical experiments performed during the above described research have resulted in the conclusion that the application of the TRM and LSM reconstruction algorithm has significant advantages over the TRM approach. We mostly obtain good accuracy using the TRM but there is often an unstable reconstruction process. We have introduced a level set approach for the elliptic inverse problem. In the paper the idea of new algorithm of the EIT image reconstruction is described, which combines advantages of the level set method and Tikhonov regularization method. This new way of an optimization process was used for the acquirement of more accurate reconstruction results in the specific cases. The new approach was tested on different shapes and sizes of non-homogenous subregions. Based on appreciable number of realized numerical tests we can summarize that the proposed algorithm ensures very good stability and very often the highest accuracy of reconstruction process in comparison with the algorithm which is based on the TRM only.
